Objective Glucose-lowering drug-induced hypoglycemia is a serious complication and there have been a few reports of seasonal variations in hypoglycemia in patients with type 2 diabetes. The aim of the present study was to examine the association between severe drug-induced hypoglycemia and seasonal variations, and to elucidate the contributing factors. Methods This retrospective, single center clinical study, analyzed the cases of 125 patients who required emergency hospitalization for severe drug-induced hypoglycemia between January 1, 2001 and December 31, 2014. The period from November to April was defined as the cold season. Results Severe hypoglycemia occurred more often in the cold season than in the warm season. In the cold season, 62 of 9,981 (0.6%) emergency department visits involved patients who required hospitalization for drug-induced hypoglycemia. In contrast, in the warm season, 27 of 8,649 (0.3%) visits involved patients who required hospitalization for drug-induced hypoglycemia (p=0.002). The proportion of patients treated with sulfonylurea (SU) in the cold season was higher than that in the warm season. Even the use of low-dose SU caused hypoglycemia in the cold season. In the SU-treated group, the proportion of patients with white blood cell and/or C-reactive protein elevation was higher in the cold season than in the warm season (p=0.04). Conclusion Severe glucose-lowering drug-induced hypoglycemia occured more frequently in the cold season than in the warm season, and was associated with an inflammatory state in patients treated with SU.
Introduction
Diabetes is a complex, chronic illness requiring continuous medical care with multifactorial risk-reduction strategies beyond glycemic control. Ongoing patient self-management, education, and support are critical for preventing acute complications and reducing the risk of long-term complications (1) . It has been reported that hospital admission rates for hypoglycemia exceeded those for hyperglycemia among older adults in the United States (2) . The number of elderly diabetic patients is increasing in step with the aging of the population in Japan (3) . Results from several studies suggest that hypoglycemia increases the risk of acute cardiovascular events (4), falls (5) and fall-related fractures (6) , the progression of dementia (7, 8) , and all-cause mortality (8) (9) (10) (11) (12) . Thus, drug-induced hypoglycemia is a very serious complication that should be avoided in aging societies.
Glycemic control shows clear seasonal variations: HbA1c levels decrease in the warm season and increase in the cold season in Japan (13) (14) (15) . On the other hand, Tsujimoto et al. reported that incidence of severe hypoglycemia in winter tended to increase in comparison to that in summer in patients with type 2 diabetes (16). Hashimoto et al. reported that older patients required emergency admission for severe hypoglycemia more frequently during the cold season than the warm season in 67 patients with type 2 diabetes (17) . Although these two studies reported a seasonal variation in drug-induced hypoglycemia in patients with type 2 diabetes, the factors that contribute to this seasonal variation remain unclear.
The aim of the present study was to examine the association between drug-induced hypoglycemia and seasonal variation and to elucidate the contributing factors.
Materials and Methods

Study design and subjects
We retrospectively reviewed the medical records of 125 patients who required emergency hospitalization for druginduced hypoglycemia in the Matsuyama Red Cross Hospital Japan, between January 1, 2001 and December 31, 2014. Hypoglycemia was defined as a blood glucose level <70 mg/dL or the presence of any hypoglycemic symptoms both of which required medical assistance by other persons. Diabetes was confirmed when the patient had previously been diagnosed or was taking antidiabetic drugs. We excluded 12 patients with type 1 diabetes and 24 patients for whom data were missing. Patients who were hospitalized more than once were analyzed as separate cases. Finally, 89 patients with type 2 diabetes in whom drug-induced hypoglycemia was diagnosed were included in the present study.
This clinical study was approved by the Medical Ethics Committee of Matsuyama Red Cross Hospital.
Seasons and temperatures
The mean temperatures for each month between 2001 and 2014 in Matsuyama, Ehime, Japan, were as follows: January 5.8 , The period from May to October, which was the warmer 6 months of the year, was defined as the warm season. The period from November to April was defined as the cold season. The mean temperatures over the years from 2001 to 2014 were 23.7 in the warm season and 9.8 in the cold season. We categorized the subjects into two groups based on the season in which hypoglycemia occurred: the cold season group (n=62) and the warm season group (n=27).
Causes of hypoglycemia
We retrospectively reviewed the medical records and attempted to determine the cause of hypoglycemia in each patient. We categorized the causes as infectious disease, anorexia, alcohol intake, others and not known. We categorized anorexia with infectious disease as 'infectious disease'.
Measurements
Blood glucose levels were typically measured using venous blood at the central laboratory; arterial blood was used in some cases. Medisafe Fit (Terumo, Tokyo, Japan) was used in a few cases. Plasma/blood glucose was measured before the intravenous injection of glucose. HbA1c levels were measured at the nearest time within 3 months of the arrival of each patient, and most of the data reported here were collected during the period of hospitalization. The HbA1c levels of patients who arrived before March 31, 2012 were calculated using the following formula: National Glycohemoglobin Standardization Program (NGSP) (%) = 1.02×Japan Diabetes Society (JDS) (%) +0.25%. Serum creatinine levels were measured upon arrival. The estimated glomerular filtration rate (eGFR) was calculated using the following formula, as recommended by the Japanese Society of Nephrology: eGFR (mL/min/173 m 2 )=194×Cre −1.094 × Age −0.287 (×0.739, if the patient was female). White blood cell (WBC) and C-reactive protein (CRP) elevation were defined as values that exceeded the upper limit of the reference value in the hospital, which were 9,640/μL, and 0.18 mg/dL, respectively. The body mass index (BMI) was calculated using the following formula: BMI = weight (kg) / height 2 (m). Drug-induced hypoglycemia was comprehensively diagnosed when a patient with type 2 diabetes who had been prescribed a glucose-lowering drug developed hypoglycemia. The level of insulin or C peptide at the time of hypoglycemia was also considered. A high-dose sulfonylurea (SU) was defined as glimepiride >2 mg, gliclazide >40 mg, or glibenclamide >1.25 mg, based on the recommendations for the combined use of a dipeptidyl peptidase-4 (DPP-4) inhibitor or a sodium glucose transporter 2 (SGLT2) inhibitor from the Japan Association for diabetes education and care (JADEC) or the JDS (19, 20) .
Statistical analysis
All analyses were performed using the SAS software program (version 9.4; SAS Institute, Cary, NC). The characteristics were summarized as the mean with the standard deviation or as frequencies. Continuous variables between groups were compared by an analysis of covariance and categorical variables were compared using the chi-squared test or Fisher's exact test. A logistic regression analysis was performed with adjustment for age, sex, and eGFR. P values of <0.05 were considered to indicate statistical significance in all analyses.
Results
A total of 18,630 patients were transported to the emergency department by ambulance during the study period. Severe hypoglycemia occurred more frequently in the cold season than in the warm season, with 62 of 9,981 (0.6%) patients who visited the emergency department in the cold season requiring hospitalization for drug-induced hypoglycemia and 27 of 8,649 (0.3%) patients requiring hospitalization during the warm season (p=0.002). Seasonal variations in the occurrence of severe hypoglycemia are also shown in Fig. 1 . Severe hypoglycemia appeared to occur more frequently in the cold season than in the warm season.
The clinical characteristics of the patients with drug- induced hypoglycemia in the cold and warm seasons are shown in Table 1 . The C peptide and insulin levels of patients who had been prescribed SU or glinide or an incretinrelated drug were not diminished (data not shown). The mean age of the patients was 75 years in both seasons. The proportion of the patients treated with SU in the cold season was higher than that in the warm season (71%, and 48%, respectively, p=0.039). This association remained significant after adjustment for age, sex, and eGFR (p=0.041). The proportion of patients with WBC and/or CRP elevation in the cold season tended to be higher than that in the warm season. No significant differences between the two seasons were found in any of the other clinical characteristics, including height, weight, BMI, eGFR and the proportion of patients treated with insulin or oral hypoglycemic agents (with the exception of SU). We then focused on patients who had been treated with SU. Their characteristics in the cold and warm seasons are shown in Table 2 . Fewer patients were treated with highdose SU (glimepiride >2 mg, gliclazide >40 mg, or glibenclamide >1.25 mg) in the cold season than in the warm season (45% and 77%, respectively, p=0.046). This association remained significant after adjustment for age, sex, and eGFR (p=0.040). The proportion of patients with WBC and/or CRP elevation in the cold season tended to be higher than that in the warm season (80% and 54%, respectively, p= 0.06). This association was significant after adjustment for age, sex, and eGFR (p=0.040). In patients not treated with SU, there was no significant difference between the cold and warm seasons.
We further examined differences in the causes of hypoglycemia between the patients with and without WBC and/ or CRP elevation in patients who had been treated with SU (Fig. 2) . The subgroup of patients with WBC and/or CRP elevation included a larger proportion of patients with infectious disease in comparison to patients without WBC and/or CRP elevation (49% and 0%, respectively, p<0.001).
Discussion
The findings reported in the present study indicate that severe glucose-lowering drug-induced hypoglycemia occurred more frequently in the cold season than in the warm season. The proportion of patients treated with SU was higher in the cold season. Even the use of low-dose SU caused severe hypoglycemia in the cold season. In the SUtreated group, the proportion of patients with WBC and/or CRP elevation was higher in the cold season than in the warm season. The subgroup of patients with WBC and/or CRP elevation included a larger proportion of patients in whom infectious disease was the cause of hypoglycemia.
In the present study, severe glucose-lowering druginduced hypoglycemia occurred more frequently in the cold season, and the use of SU was a risk factor for this seasonal variation. Seasonal variations in drug-induced hypoglycemia in patients with type 2 diabetes have been reported previously (16, 17, 21) . Hashimoto et al. showed that the average number of admissions for hypoglycemia was higher in the cold season. They also presumed that anorexia related to infections in patients taking SU might have been responsible for this seasonal variation. In contrast, Tsujimoto et al. and Holstein et al. reported that the occurrence of severe hypo- glycemia did not differ among the seasons in patients with type 2 diabetes. The higher proportion of SU use in the present study could account for this difference. SU could induce hypoglycemia more frequently by interacting with antibiotics or antipyretics (22, 23) . The difference in climate and the definition of a season among the studies might also affect the study results. The lower BMI of the patients in the present study could explain their higher sensitivity to SU.
In our study, WBC and/or CRP elevation was found to be a risk factor for severe hypoglycemia in patients treated with SU. The subgroup of patients with WBC and/or CRP elevation included a larger proportion of patients with infectious disease in comparison to patients without WBC and/or CRP elevation. In most cases the infectious disease that was likely associated with mild WBC and/or CRP elevation was a mild cold or enteritis (data not shown). Anorexia related to mild viral infections would have been responsible for the seasonal variation.
The rate of SU monotherapy is decreasing and the rate of combination therapy with SU and other drugs is increasing in Japan, which is expected to result in a decreased incidence of hypoglycemia induced by high-dose SU (24) . In the present study, there was no significant decline in the annual number of hypoglycemia episodes induced by highdose SU (p for trend=0.50) (data not shown). The use of high dosage of SU was more frequently associated with severe hypoglycemia in the warm season. The patients treated with SU in the warm season were older than those treated without SU (p=0.002), and tended to have a lower eGFR and HbA1c level (data not shown). Elderly patients with a low eGFR and HbA1c might have been prescribed SU inappropriately during the warm season.
In the present study, the mean HbA1c levels in the cold season appeared to be lower than those in the warm season; however, the association was not significant. In contrast, it has been reported that HbA1c levels are lower in the warm season and higher in the cold season in Japan (13, 15, (25) (26) (27) . The glycemic control in the patients analyzed by the present study might have been too strict.
The 2018 American Diabetes Association (ADA) Clinical Practice Recommendations state that patients who are expected to live sufficiently long to reap the benefits of longterm intensive diabetes management may be treated using therapeutic interventions and goals similar to those used for younger adults with diabetes (HbA1c levels of 7.5%). For patients with advanced diabetic complications, life-limiting comorbidities, or substantial cognitive or functional impairment, it would be reasonable to set less stringent glycemic goals (HbA1c levels of 8.0-8.5%) (28) . The Japanese guidelines also recommend mild glycemic control in elderly patients (29) .
The present study was associated with several limitations. First, this was a retrospective study and subjects with missing data were excluded. This study design and missing data might have influenced the results and the statistical analyses. Second, this study was performed at a single institution in the Matsuyama region. Not all of the patients who suffered from hypoglycemia in Matsuyama City were hospitalized at this hospital; thus, there might have been a selective bias in the present study. Third, the number of subjects was insufficient to permit an analysis of the relationship between the use of oral hypoglycemic agents other than SU and the season.
In conclusion, severe glucose-lowering drug-induced hypoglycemia was found to occur more frequently in the cold season than in the warm season. In the SU-treated group, hypoglycemia was associated with inflammatory states. How the seasonal variation occurs, and whether this phenomenon is specific to Japanese during this period remain unclear. Further studies are required to clarify these points.
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